Measurements of Bis)— MM decays
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Why B = pp ! Wil

 Rare b—sfl£ process in SM (10-%)

e Sensitive to New Physics effects

® Theoretically clean

® non perturbative contributions are in By
decay constant

e well known from Lattice QCD
e Anomalies in rare B decays
e 3.10 LFU violation in R(K)

Helicity Suppresse ® 2-30 discrepancies in branching fraction

&w—g%jﬁ_; and angular observables
S

July 9,2022 D.Kovalskyi / B — MM measurements / ICHEP 2022 2



Analysis Strategy I I I i I-

external
B production

fraction ratio
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® Branching Fractions are normalized using B—)/\pK (nominal) and
Bs— ]/ (alternative) decays

® Most systematic effects cancel in the ratio

® Measurements are performed with unbinned ML fits

e Signal yield fit: 2D fit in mass and its uncertainty

o Effective Lifetime: 3D fit in mass, decay time and its uncertainty
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Event Selection I|Ii|-

Selection BY - utu= BT —=J/WKT Bl — J/pe
B candidate mass [ GeV | [4.90,5.90] [4.90,5.90] [4.90,5.90]
Blinding window [ GeV ] [5.15,5.50]

pru [GeV] > 4 >4 >4
7., <14 <14 <14
3D SV displacement significance > 6 >4 >4
pTW[GeV] > 5 > 7 > 7
uu SV probability > 0.025 > 0.1 > 0.1
J/¥ candidate mass [ GeV ] [2.9,3.3] [2.9,3.3]
Kaon pr [GeV ] > 1 >1
Mass-constrained fit probability > 0.025 > 0.025
2D pyu pointing angle [rad] <04 <04

¢ candidate mass [ GeV ] [1.01, 1.03]

e Selection requirements are as loose as possible
® Provide more data to MultiVariate Analysis (MVA)

e Limited by trigger requirements

® Normalization channel selection is optimized to match kinematics
of signal
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Dominant Contributions Ill
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I H
Muon Fakes I |||

1%
' ® Double muon fakes from B—hh - non-trivial
. background
® Looks like signal
BY | e Rate is comparable to BO—=
e B—KTT and Bs— KK are dominant contribution
[

® Primary source of fakes

e Pion and kaon decays in flight to muon and neutrino
CMS Simulation Preliminary

e Other contributions are negligible and easy to reject

400

;_ D ES
350k BEE e Used MVA based muon identification
> 3000 ® Detect minor imperfections in the muon candidate trajectory
(o} N
o 2500 e Factor of 2-3 better rejection of fakes than the standard
S muon selection
~ 200
3 e Kaon decays are easier to reject
£ 150 i
TR e Fake rates are measured in Ks—= 11T and ¢ —KK
100 control samples
>°E e Simulated reasonably well: ~25% systematic per hadron
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e New multivariate analysis (MVAg) used to suppress the dominant backgrounds

Multivariate Analysis

® Trained with signal MC and mass sideband data with the XGBoost package (advanced gradient

® Most discriminating variables

boosting algorithm)

® Pointing angles: X2p, X3p

)

July 9,2022

Impact parameter and its significance: d3p, 93p/T(d3p)
Flight length and its significance: £3p/0(£3p)

Isolation for B candidate and muons

Dimuon vertex quality
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MVAg Simulation |||il-

42.0 b+ 61.3 fo'(13 TeV)

30000

- cms
B Preliminary ® Use B_’J/LPK events tO mOdeI B_’IJIJ
25000~ Y decays in Data and MC
§2oooo} e Additional selection requirements
O' L
= - \ Data e Kaon Pt < |.5 GeV
g 15000 L ER
E [+ weightedMC e Rescaled flight length significance
LW 10000 :
: X e Data/MC correction factors
S000E e Ratio method: efficiency ratio between
R sWeighted data/MC
O 1.5F o . . :
I M GRS 0000020 sberestoseitzots it TN e XGBoost: train a XGBoost classifier to
8 08 ] reweight MC to match to the data
0.9 0.910.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1
MVA,

MVAg>0.9 MVAg>0.99

Method

Ratio 1.011+0.013 0.939+0.007 0.903+0.008 1.058+0.019 0.891+0.008 0.885+0.010
XGBoost 0.991+0.008 0.949+0.003 0.917+0.002 1.008+0.011 0.905+0.004 0.908+0.002
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BF Systematics I|Ii|-

Effect BF(Bs—ptu-) BF(BO—ptu-)
Trigger efficiency 2—4%
Pileup 1%
Vertex quality 1%
MVAg correction 2-3%
Tracking efficiency 2.3%
J /WK shape 1%
Fitbias 2.2% 4.5%
fs/f, ratio 3.5% -

e Signal efficiency is correlated with the lifetime
® Branching Fractions are measured assuming the SM value

® For alternative lifetime hypothesis scale BF using the following expression

apr = 1.577 —0.358 T

® Tisinps
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Effective Lifetime Measurement I i I |
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CMS Preliminary

2 o O S o
o 0 > 2 9
(@) > P
o) O O
C 0 - o0
m m el
O ¥ O o« 0 0
S 3 - S o 2
—_ »n < O & o O
9O 17 > O £ v
> S v A_JWN.Wb Mm
() $) © A c
Q- 5 ca £ S.2€ R
C DVI O CVO dw.
w— 9 B O S 1 £ S =
OMM %Dl C.nk+rT Sﬂ
@) 0 .G
o & a 3 mﬁB.m D
U ., 7 enw g © O
C o @) O ¢ 3 C
o O O O ¢ wec§ T«
0 S S o W/.U b oS5 <3
8 8 ¢ 20 £ > 0 o1
o 90 @32 @ § £25 4y
hhu T“IO .u () O.W%IO
mmum © r_rD ® ®
@® @®
g 5
2 o)
s £ 8
TE
LA R
DMM.m.mr
mweehmué
C S5 ow o O
O L m o O m
2 .
. \mm
i

—— 7 O30, . KA
%,0°0 %% 52.0%7,5°0% 7 0%7 %% 7 %7 %'
S S S SR SIS SRS
CRERIE A R IA A IS A I AR I EA N
B S S e S A A I S
A g g MDA A AATAAN AP
O ~—
T o
—
—

sd Gg'0 / seuug

systematic uncertainty.

Decay time [ps]

10

D.Kovalskyi / B —HH measurements / |ICHEP 2022

July 9,2022



Lifetime Systematics I ! I 1

1_CMS Preliminary 61.3 fb™(13 TeV)
09k Effect 2016BF  2016GH 2017 2018
0.8 ’ﬁ* ##+%+—~— Efficiency modeling 0.01 ps
S 0.7[ et
Am - T ® . iff
< 06 :_,4, Scaélrrlulri;g ﬁ(;\rfler d elient 0.01 ps
g2 ? gen lifetime sample
% 04 Dat :
< t pata Doy time 010 ps  0.06 ps 0.02ps 0.02 ps
G 03F Ve mis-modeling
0.2t Correction from T :
0.1- B—J/pK+ Lifetime bias 0.04 ps  0.05 ps
T Total 0.07ps  0.05 ps

Decay time [ps]

® Dominant systematics comes from a strong correlation between
MVAEg and decay time, which are hard to model well

e Corrections can be derived in data and uncertainty is mostly limited by the size
of the control sample
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fs/fu

ratio in BF fit )

35 _CMS Preliminary 140 fb'1(1 3 TeV)
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N0 _ €
B(Bg N ]«l+}l_) — B(B+ N ]/IPK+) Bs_)lﬂ_l/‘ BT —J/pKT fu

o f/fu =0.231+0.008

e Based on Pr-dependent results from LHCb

e PRD 104 (2021) 032005
® |ntegrate with the effective Pt distribution

® Previous measurement used 0.252+0.032
e Resulting BF can be rescaled:

® One can use a different fs/f, value

® Treated as an external uncertainty

® not as a constrained nuisance parameter

J
NB+—>]/¢1<+ €80 utu— fs
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Bs— UM BF Result

B(BY — wtp™) = [383%03% (stat) *012 (syst) “{1s

(fs/fo)] X 107°

Alternative using Bs=J/\pd: BB, = pFu7) = [3-95f8§3 (stat) T35 (syst) To1s (BF)] x 107

SPI\I-III-§1 -006 " . 3.83%0%

II;F!:I_?zlg (2022) 041801 : - : 3.09%) 4,
ATLASICNSANCS o 26032

ﬁll\znpscm (2020) 188 : - : 2.94 t%.?s

JAH-IIE-II; (ﬁ?zmg) 098 : " : 2.8 t%.t;
Goneic o sl HER 10 (2019) 232 - 3.660.14
T

B(B® — uu’) [107]

S
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BO— U Search

0 — 0.75 0.08 —10

B(B® — utu~) = (037755 (stat) Ty (syst)| x 10
CMS
BPH-21-006 N - <1.9
LHCb
PRL 128 (2022) 041801 D <2.6
ATLAS+CMS+LHCDb 1.9
BPH-20-003 €= <1.
CMS
JHEP 04 (2020) 188 a2 <3.6
ATLAS
JHEP 04 (2019) 098 D EE— <2.1
SM Prediction
Beneke et al, JHEP 10 (2019) 232 | 1.03 = 0.05

-II 2 3 4I- é | | |

BB — ww) [10 )
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Effective Lifetime I ! I i |-

T = 1.83 752 (stat) Too; (syst) ps
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Summary I|Ii|-

® Studies of rare Bis)— U*M~decays provides a unique tool to explore
and understand rare B decay anomalies

e Theoretically clean

e Sensitive to the same processes

e CMS finalized analysis of 140 fb-! data collected during LHC Run-2

® All results are consistent with SM predictions

® Relative uncertainty on BF(Bs— pJ*-) has been reduced to | | %

® The best single measurement to date

e Statistical uncertainty dominates

e Good perspectives for further improvements with upcoming Run-3 data

* A conference note will be available shortly at

® https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/
BPH-21-006/index.html
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Contour Plot I|Ii|-
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Event Display Illil-
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